Abstract-This paper focuses on the provision of public transport information in Dublin, Ireland. It examines both existing and potential methods of accessing information, with particular focus on the implementation of various intelligent transport systems applications. One of the main objectives of this paper is examining the stages a passenger goes through when deciding to undertake a public transport trip and in what form they require information at each stage. This paper defines these stages as "pre-trip to destination," "at-stop," "onboard," and "pre-trip to origin" (this is the return journey). Each of these four stages is examined in this paper. A web-based survey was used to collect data on passenger preferences and describes the methods of information delivery each passenger requires at each stage. This paper primarily deals with the respondents' stated preference for public transport information and does not examine revealed preferences. The survey also details results of passengers' opinions of the different information provision formats such as call centers, mobile phones, the Internet, and paper-based methods. This paper concludes with the results of this exploratory research.
I. INTRODUCTION
T HE SOURCES of information people may use when planning a trip by public transport are examined in this paper. The four stages of a public transport trip are defined along with the types of information that may be available to them at each of these stages. A web-based survey was used to collect exploratory data on respondents' perceptions of public transport information and their preferences for a passenger information system.
The public transport system in Dublin, Ireland, is made up of three modes, namely 1) bus; 2) light rail; and 3) heavy rail. The main bus operator, i.e., Dublin Bus, operates a fleet of 1100 and provided 149 million passenger journeys in 2003 [1] . The bus system consists of 12 radial quality bus corridors (QBCs), providing passengers with a high quality of service and comparable transit time with that of the private car [2] . The Dublin Area Rapid Transit (DART) system is a heavy rail suburban system that in 2002 provided 22 million passenger journeys [1] . In 2004, a new mode of transport was introduced when the light rail transit system called Luas became operational. The system launched in 2004 offers the first two lines of a planned light rail network.
Section I examines the different methods of providing public transport passenger information, which are subsequently examined in the survey, drawing from both Irish and international examples. Section II discusses the purposes of the survey. In Section III, the data collection technique is described, as well as some of the characteristics of the sample. The results of the survey are provided in Section IV. This paper concludes with policy recommendations.
II. PASSENGER INFORMATION SYSTEMS
A variety of public transport information systems are used worldwide. A web-based survey was used to collect information on passengers' preferences for public transport information. Respondents to the survey were given a number of such systems to evaluate. The following sections detail some of the systems, which are currently available in Dublin, and also include examples from other countries.
A. Internet
In Dublin, to date, no integrated website that provides passengers with an integrated source of passenger information exists. Thus, the Internet services provided by other public transport authorities were used to derive the attributes of a passenger information website for this survey. In Gothenburg, Sweden, the public transport authority hosts a comprehensive website providing integrated passenger information and realtime location of public transport vehicles across the network. Since the launch of the website in 1995, the number of visitors to the website has grown from 100 000 to 1 200 000 in 2001 [3] . Transport for London, U.K., also provides passengers with a comprehensive Internet service with a complete multimodal multioperator journey planner, which is available on the Internet and mobile phones [4] . Seattle, WA, also has an extensive Internet service, which, since its launch in 2000, has had over 7 500 000 requests for real-time departure times with 79% of these requests occurring on weekdays [5] .
B. Real-Time Passenger Information (RTPI) Displays
RTPI displays provide passengers with information on the estimated time of arrival of their vehicle via a passenger information display (PID). To date, in Dublin, all of the Luas and DART stops/stations provide RTPI, and three of the 12 QBC routes provide RTPI. The current bus-based system is part of a pilot project, and a decision on its extension is pending. However, research conducted by the authors on this system demonstrates that the passengers are pleased with the information provided by this pilot service [6] . All of the Luas stops are equipped with PIDs. The Luas PID provides information on the expected wait time, which is displayed on a screen and relayed via audio speakers [7] . This is similar to the DART system. However, the DART, as yet, does not provide audio announcements on wait times.
Internationally, RTPI displays have been widely used to provide passengers with transport information for bus and rail. The London Buses "Countdown" system is one of the largest RTPI systems in the world with over 2000 stops equipped with RTPI displays. San Francisco, CA, also has an extensive system of on-street RTPI displays for bus, trolley bus, and light rail. This system has been in development since the late 1990s, and operators have estimated that there has been a 5% increase in patronage on their rail services since the real-time systems came on line [8] .
In Dublin, onboard RTPI displays are currently provided on both DART and Luas services. DART provides a scrolling display detailing the name of the next stop, while Luas provides the same information as well as details of connecting services.
C. Mobile Phone Technology
Mobile phones have been used internationally to send and receive, via Short Message Service (SMS), passenger information. Currently, in Dublin, two operators provide passenger information via mobile phones. Dublin Bus provides a service called "BUSTXT," whereby passengers can receive static information on the departure times of buses from their terminus. The only real-time service is provided on the DART service. This system provides passengers with real-time information on the time of arrival of trains at the required stations. To receive real-time information, passengers simply send a message to the operator indicating which station they are at, and within seconds, they receive the departure times of the next three trains in each direction (south and north bound). Irish Rail launched this service in May 2004, and each SMS costs 0.30 Euro. In London, Transport for London provides similar real-time information on vehicle arrival times and journey planners to mobile phones [9] . In Seattle, it is also possible to access realtime information through Wireless Application Protocol via mobile phones. Since the launch of this system in 2001, it has had on average 3500 requests for departure times during the first few months in 2001 [5] .
D. Information Kiosks
Information kiosks are manned/unmanned structures that provide passengers with information on public transport. They can be equipped with RTPI displays and route maps to provide passengers with an integrated source of information. On the recommendations of a public consultation in Gothenburg, unmanned kiosks with RTPI displays were installed in 1996; these kiosks received an upgrade in 2000 [3] . In Gothenburg, the kiosks have been strategically placed adjacent to transfer points to facilitate passengers using more than one mode or service to complete their journey. San Antonio, TX, has also utilized information kiosks as a means to provide passenger information, and since 2000, 40 of these kiosks have been introduced in various locations around the city. These kiosks provide passengers with not only public transport information but information on traffic conditions as well [10] .
E. Paper-Based Information
In Dublin, paper-based timetables are available from all operators, detailing the departure time from the terminus of each of the services. These timetables are generally only available at stations or directly from the operators. Onboard information in the form of maps on the side of the vehicle is available on all DART and Luas vehicles, but this is not available on buses. Bus stops in Dublin provide passengers with time of departure from the origin stop of the service or the expected frequency of the service by time of day.
III. WEB-BASED SURVEY
As stated previously, one of the main aims of this paper is to ascertain, at each stage of a public transport trip, a passenger's requirements of a passenger information system and the form in which this information is required.
For the purposes of this paper, public transport was split into four stages.
Stage One: pre-trip information from origin to destination; Stage Two: at-stop information; Stage Three: onboard vehicle information; Stage Four: pre-trip information for return trip.
At each of these four stages, survey respondents were offered different methods of acquiring passenger information, the results of which are outlined below.
A. Data Collection
The survey was conducted over a two-week period from March 23 to April 6, 2004 using web-based methods. The sampling method chosen was a form of nonprobability convenience sampling called snowball sampling [10] . This method of sampling elicits responses from people with a common attribute, in this case those who work in Dublin City Centre and have Internet access. The first group of respondents complete the survey and then pass the survey on to their network. The process repeats and gathers momentum as the number of responses increases and the snowball effect occurs. This effect was demonstrated in the results whereby the majority of the results from the survey were collected within the first three days of the survey being hosted. In the case of this paper, the survey was initially sent to ten individuals working in Dublin City Centre with computer access. The survey remained open for two weeks, enough for a snowball affect to occur, resulting in 248 usable responses when the survey closed. For further information on snow ball sampling, see Dillman [11] . 
B. Use of Web-Based Surveys
The use of web-based surveys has increased dramatically, which is mainly due to their ability to collect large amounts of data without interviews, to process results without data entry, and to eliminate stationery and postage costs [12] . However, one must take into account the biases that a web-based survey introduces, that is, that not all individuals have access to the Internet. In Ireland, the rates of Internet usage is ever increasing; in 2003, 39.4% of households in Dublin had access to the Internet [13] , and in 2004, 43% of Irish adults currently use the Internet from any location (work or home, etc.) [14] .
Web-based surveys have been increasingly adapted for transport studies, for example, in stated preference (SP), travel diaries, and travel behavioral studies [15] - [18] . The benefits (as discussed) of web-based surveys are becoming more widely known, and therefore, their use is increasing. In the area of SP survey implementation, the use of web-based surveys is also growing, where along with the disadvantages of survey bias and coverage error, there can be considerable advantages when using a web-page approach. Benefits, such as the elimination of response coding and digitizing error, and the possibility of including images and sound, make it attractive as a surveying tool. Another significant benefit is the possibility to automatically randomize the games presented in each situation, enabling the avoidance of sequence effect [19] . Further information of this approach may be found in Louiver et al. [20] .
IV. SURVEY RESULTS
The survey results detail the three main purposes of the survey, namely 1) an individual's current attitudes to passenger information; 2) an importance ranking of the different attributes of the information provision options; and 3) the form in which information is required at each of the stages of a public transport trip.
A. Summary of Results
The demographics of the sample are outlined in Table I . More females than males completed the survey (38% male and 62% female). The majority of respondents (78%) were aged 34 and under. The results for the current mode of transport used demonstrated that a high percentage of the group use public transport with 31% and 16% using bus and rail, respectively. The results for other modes, namely walking (25%) and car (21%), constituted a sizeable proportion of respondents. Far less used the other modes offered, namely cycle (3%), motorbike (1%), and taxi (1%). Table II outlines the respondents' current sources of passenger information. The findings indicate that 35% of passengers use their existing knowledge to obtain information, while 30% use the Internet. Paper timetables were placed third with 20% of respondents using this method. The other options of SMS, TV/radio, and call center were placed fourth, fifth, and sixth, respectively.
B. Attitudes Towards Current Information Provision
Passengers' opinions on the current passenger information provided in Dublin are displayed in Table II . First, passengers were asked if they agreed that good information is provided. Second, they were asked if they would like to see more information provided. Respondents were divided on whether information provided was good: 42% either strongly agreed or agreed that it was good, 19% had no opinion, and 39% either strongly disagreed or disagreed. Furthermore, although over 40% agreed that information provided was good, 73% of respondents either strongly agreed or agreed that more information should be provided. Respondents were also asked to rate the quality of passenger information currently provided at stops/stations. When asked about the quality of the timetables provided, 68% either strongly agreed or agreed that the quality was poor. Moreover, 73% either strongly agreed or agreed that the quality of maps provided was poor. Finally, respondents were asked if the lack of information deterred them from using public transport. The majority of respondents disagreed with this statement (59% strongly disagreed/disagreed). A further 21% of respondents either strongly agreed or agreed that the lack of information deterred them from using public transport information. This 21% is a sizeable proportion of respondents and demonstrates that improvements to the system may attract more passengers. The results show that passengers found the current provision of information inadequate. However, it was not a strong enough factor to deter them from using the services.
C. Importance of Attributes of Public Transport Information Systems
Respondents were asked to rate the different characteristics of each of the information provision options. The results for each option are presented below.
1) Internet:
The survey elicited respondents' opinions on several characteristics of a public transport information website, the results of which are in Fig. 1 . Respondents indicated that the speed of connection was very important, with an overwhelming 95% indicating it to be very important or important. The cost of connection was less influential than the speed of connection, with 47% stating it to be very important/important. Interestingly, 38% indicated that cost was not at all important/ not important.
The services provided by the website were also rated. Over 90% of respondents indicated that a map with real-time location of the vehicle was either very important or important. Only 4% of respondents stated that this was either not at all important or not important. A route planner was found to be very important/important by 73% of respondents. Interestingly, only 40% of respondents stated that e-mail alerts on public transport services were very important/important, while 34% stated that they were not at all important/not important.
2) Call Center: The respondents' ratings of the characteristics of call centers are shown in Fig. 2 . As seen with the Internet, the speed of answering was shown to be more important than cost. Ninety-three percent of respondents stated that the speed of answering was either very important or important, whereas 82% stated that the cost of the call was very important/important. The higher emphasis on the cost of contacting a call center versus that of the Internet demonstrates that passengers may perceive the cost of phoning a call center to be more significant than logging on to a website, thus preferring the Internet over a call center; this is also demonstrated later with mobile phone options.
The method of call answering was also evaluated based on two answering options, namely 1) electronic answering; and 2) personal voice answering. The results reveal that personal answering is very important/important for 60% of respondents. However, 46% of respondents stated that electronic voice answering was neither important nor not important with a further 27% stating that it was not at all important/not important. The provision of real-time information was found to be one of the most important aspects of information provision via call centers, with 85% of respondents stating that it was very important/important.
3) Mobile Phones: Respondents were also asked about the provision of information via mobile phones. The results for this option are shown in Fig. 3 . News on public transport disruptions was rated as very important or important by 89% of respondents. This was followed closely by the provision of real-time information at 85%. The cost of information provided via mobile phones was also found to be important with 84% of respondents stating that this characteristic was either very important or important. This result is similar to that observed for call centers in that the cost of information access is a considerable factor.
4) Paper-Based Information:
In the previous section, the results demonstrated that passengers were not happy with the quality of at-stop/station paper-based information. This is reiterated in this section as respondents reacted positively to the options offered, deeming them all to be very important, as seen in Fig. 4 . The highest level of very important ranking was for the option of having booklets with bus or rail timetables, with 89% indicating it to be very important/important. The second highest level was for having combined booklets of bus and rail timetables with an 85% very important/important rating. The provision of maps with all stops/stations displayed had the third highest of 80% very important/important rating. Eighty percent of respondents indicated that it was very important/important that maps should have details of connecting services. Another issue covered in this section was the availability of this information at not just the stop/station but at multiple locations around the city, with 86% indicating it was either very important or important.
5) RTPI Displays:
The levels of importance for each characteristic of an RTPI system are shown in Fig. 5 . The results show that the most important characteristic to respondents (very important/important) is news on disruptions (95%), followed directly by estimated time of arrival (93%). The majority of respondents rated all five characteristics as very important/ important, with the lowest level of importance being attributed to loudspeaker announcement. Nevertheless, 64% of respon- dents indicated that this characteristic was either very important or important.
V. RESULTS AT EACH STAGE OF A PASSENGERS TRIP
The following sections outline the respondents' preferences for the tools of information provision offered in the survey at each stage of their trip. One factor that should be taken into account is that the preferences for information provision have not been examined in relation to the proximity to the various methods of accessing information available to each respondent.
A. Pre-Trip Information From Origin to Destination
The information options offered to respondents for the first stage of a trip were 1) the Internet; 2) paper-based timetables; 3) call centers; and 4) SMS. The results in Table II demonstrate that paper-based timetables are the most popular option with 48% of the first preference and 25% second preference responses. The Internet was ranked second with 30% and 27% of the first and second preferences, respectively. The results show that mobile phone (17%) and call centers (5%) were the third and fourth preferred options. The lower rankings for SMS and call centers may be attributable to the cost associated with these forms of communication, as discussed earlier.
B. At-Stop/Station Information
The alternatives offered to respondents for this stage of a trip were 1) information kiosks; 2) paper-based timetables; 3) call centers; 4) SMS; and 5) RTPI displays. The results for this stage indicate that the majority of respondents have a preference for RTPI displays with 74% of first preference responses, as seen in Table III . Paper-based methods had the next highest number of first preferences with 12% and 39% of second preferences. Information kiosks were ranked third with 5% of first preferences and 36% of second. The remaining two options had similarly low first and second preferences, with SMS indicated to be slightly preferred to the call center option.
C. Onboard Bus/Train Information
The alternatives presented to respondents at this stage were 1) paper-based information placed on the inside of the vehicle; 2) call centers; 3) SMS; 4) onboard RTPI displays; and 5) asking the driver. The results for this stage are quite similar to the results in the second stage, with the onboard RTPI system achieving the highest number of first preference responses (68%), as seen in Table II . Similar to the previous results, paperbased methods had the second highest preference with 12% of first and 57% of second preferences. The remaining options achieved lower first preference levels as methods of accessing information, with asking the driver scoring 12%, SMS with 6%, and call centers with 3%.
D. Pre-Trip Information From Destination Returning to Origin
The choices given to respondents at this stage were 1) information kiosk; 2) paper-based timetables; 3) the Internet; 4) call centers; and 5) mobile phones. The results show that the Internet is the favored option at this stage with 64% of the first preference responses, as seen in Table III . Paper-based information again had the second highest number (26%) of first preferences and 31% of second preferences. A contributing factor to the Internet having the higher preference may be due to the sample taken, in that it was of office workers with access to the Internet. The next highest preference was for SMS with 7% of first and 19% of second preferences, followed by information kiosks with 6% and 18% of first and second preferences. The fifth placed option is the call center with 3% and 15% of first and second preferences.
VI. FRUSTRATION LEVELS WITH PUBLIC TRANSPORT
One of the main purposes for providing real-time public transport information to individuals is to reduce the levels of frustration they feel with public transport. With this in mind, individuals were asked if the lack of information on the whereabouts of their service caused them frustration. Individuals were asked if uncertainty as to when their service will arrive caused them frustration. Fig. 6 displays the results, broken down by the mode of transport most often used, car, public transport (any mode), and walk cycle. The results demonstrate that nonpublic transport users indicated that they found that this uncertainty to be very frustrating with 85% of car users and 73% of walkers/cyclists. This is compared to 72% of public transport users. Nevertheless, these results demonstrate that all users find this lack of information frustrating.
Figs. 6 and 7 also report the results when individuals were asked if not knowing if their bus/train had passed caused frustration. Much like the results from the previous question, nontransport users found this to be more frustrating than those that use public transport on a regular basis. The difference between response and the mode normally used is stronger by contrast in this question with 55% of public transport users, compared to 77% of car users, indicating that this was very frustrating.
VII. OPINION OF CURRENT LEVELS OF PASSENGER INFORMATION
One of the purposes of this paper was to get an overview of how individuals perceive the current quality of information in Dublin. Respondents were asked to rate the options on a five-point scale from "very good" to "very poor." The results in Figs. 8-10 , similar to those in Figs. 6 and 7, are segmented between car users, public transport users, and walking/cycling. The first option respondents were asked to consider was the quality of maps and bus stops/train stations. The findings indicate that all users indicate that the quality of maps at bus stops/train stations was poor: As seen in Fig. 8, 52% of car users, 56% of walkers/cyclists, and 58% of public transport users found the maps to be either poor or very poor. At stop stations, timetables were also evaluated. The results show that all users indicate that the quality of timetables at bus stops/train stations was poor with 41% of car users, 45% of walkers/cyclists, and 42% of public transport users indicating that timetables were either poor or very poor.
Conversely, the results in Fig. 10 show the quality of public transport websites to be good or very good. As seen in Fig. 10 , 45% of car users, 44% of walkers/cyclists, and 51% of public transport users found public transport websites to be either good or very good.
An important set of opinions to obtain for this paper was the current opinion of public transport in Dublin. The results in Table IV detail the findings when respondents were asked if they agree, disagree, or have no opinion on several statements.
The results above show that 48% of respondents agreed that they would pay more for a better public transport system; however, 50% of respondents also agreed that public transport was already too expensive in the city. These results concur with the results in that 77% indicated that public transport has a bad image. Finally, given the focus of the research, respondents were asked if the lack of information deterred them from using public transport; 42% agreed that it did deter them from using public transport.
VIII. INCREASED USE OF PUBLIC TRANSPORT
Respondents were also asked if they were provided with realtime information would they use public transport more frequently. Respondents were offered four options as to how much more public transport they would use, namely 1) "much more often 20%;" 2) "more often 10%;" 3) "some what more often;" and 4) "no change." Table IV details the results broken down between public transport users, walking/cycling, car users, and the overall total number of respondents. The results are detailed below.
Much more often up to 20% more. As seen in the table, a total of 5% of respondents said that they would use public transport up to 20% more often. This result is broken down between the modes most often used. The results show that of this 5% of respondents that indicated they would use public transport more often, 64% used public transport already. Of those that indicated that they would use public transport more, the results show that 18% were car users and likewise with walking/cycling. More often up to 10% more. Table V shows that 21% of respondents said that they would use public transport up to 10% more often. This 21% is broken down between public transport users (52%), walking/cycling (20%), and car users (28%). This demonstrates that a considerable amount of car users would change to public transport. Somewhat more often. The total number of respondents that said they would use public transport somewhat more often was 24%. This 24% can be broken down between public transport users (40%), walking/cycling (31%), and car users (29%).
No Change. Table V shows that 50% of respondents indicated that there would be no change in the number times they use public transport. This 50% is broken down between public transport users (55%), walking/cycling (19%), and car users (26%).
IX. HOW OFTEN RESPONDENTS WOULD USE REAL-TIME INFORMATION
Respondents were asked how often they would use real-time information were it to be introduced in Dublin. The results in Fig. 11 demonstrate across the three stages of passenger journey how often respondents would use these services. The results show that the at-stop stage, a third of respondents said they would use passenger information on a regular basis, and 20% said they would use it at the pre-trip planning stage from work to home. Of the three stages, pre-trip planning at home scored the lowest, with 38% saying they would seldom use passenger information at this stage.
X. INFORMATION REQUIRED AT EACH STAGE OF A PASSENGERS' JOURNEY
This section details the results from when respondents were asked at each stage of their public transport journey in what form do they require this information. The survey required respondents to detail at each stage of the public transport journey as to what form they would like to receive this information. The survey outlined three stages of a passenger journey, namely 1) "pre-trip planning at home;" 2) "at-stop information;" and 3) "pre-trip planning from work to home." Table VI Table V for the Internet show that in the morning, individuals are more likely to use the Internet to obtain public transport information. When comparing the mode used and the likelihood of using the Internet, it was found that Luas users were the most likely to use the Internet. SMS. The findings demonstrate that individuals are more likely to use SMS to obtain passenger information on the first and second stages of their journey. Once again, the results demonstrate that Luas users were most likely to use SMS, with findings indicating that other rail users were also likely to use SMS. The results for bus users found that individuals planning their trip home were more likely to use SMS. Call Center. The results for those undertaking a multimodal trip indicate that the only significant result was for those using the call center in the first stage of their journey. All of the results for the mode used were found to be significant. Once again, Luas users were found to be the most likely to use a call center. For all of the modes examined, all of the results were found to be significant. The results at this stage found that Luas users in the first and third stages were most likely to use a call center, and at the at-stop stage, both bus and Luas users were the most likely to use a call center. RTPI Displays. In this paper, the only stage at which RTPI displays were examined was at the second stage of their journey. The results demonstrate that multimodal passengers were likely to use RTPI displays. When examining the modes used and the likelihood to use RTPI, those that use the bus were found to be the most likely followed by Luas and other rail users.
Internet. The results in

XI. CONCLUSION
This paper demonstrates that passengers in Dublin would like to see improvements in their public transport information system and have, as demonstrated in the results, indicated preferences to different forms of information provision. However, when interpreting these results, one must be mindful that the sampling method chosen was nonrandom, and the results are intended to provide an overview of the passengers' preferences.
The conclusions of this paper are as follows.
1) Currently, the majority of passengers in Dublin use their own existing knowledge or paper-based timetables to acquire public transport information. 2) At present, according to respondents, the information provided by operators in Dublin is not of a high quality, with the majority agreeing that they would like to see a higher quality of information provided.
3) The cost of using data sources such as SMS, call centers, and the Internet was illustrated to be very important to the respondents, if they were to use these applications. This may have resulted in the lower preference scores of these options. 4) The lack of certainty as to when their service would arrive was indicated as a factor that causes passengers frustration when using public transport. 5) The results on the current levels of quality of public transport information were indicated to be poor to average. 6) The provision of real-time information was shown to be the most important method of information provision. Improved paper-based information also received a high rating by the respondents. 7) RTPI displays were found to be the most popular method of acquiring real-time information followed by SMS and call center. 8) At the pre-trip planning stage from work to home, the Internet was found to be the most popular method of acquiring public transport information; SMS was found to be the second choice, with call center the third. 9) The analysis has shown that those on multimodal journeys, they were more likely to use public transport information. 10) Luas users were found to be the most likely to use SMS, the Internet, and call center. 11) The findings demonstrate that bus users at the "at-stop" stage are the most likely to use RTPI displays. 12) The results indicate that lack of certainty of the mode and increased trip complexity result in an increased likelihood that the respondent will require passenger information.
These findings are interesting and noteworthy in terms of investment allocation. It demonstrates that a package of information provision options is required and that investment in a single method of information provision may only satisfy the information requirements of part of a journey.
